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ELECTROPHYSIOLOGIC STUDIES
Clinical Predictors of Arrhythmia Inducibility in Survivors of Cardiac
Arrest: Importance of Gender and Prior Myocardial Infarction
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Clinical characteristics that correlate with arrhythmia in .
dudbtlity, were determined in 150 consecutive survivors of
cardiac arrest. All underwent electrophysiologic study with
a uniform protocol when they were not receiving anti-
arrhythmic drugs
. A ventricular tachyarrhythmia (sus-
tained monotsmrphic ventricular tachycardia, ventricular
fibrillation or nonsusmined ventricular tachycardia) was
induced in 113 patients (75%) . The strongest correlates of
inducing a taehyarrhyti mla were male gender (p < 0 .0001)
and a history of prior myocardial infarction III, < 0 .0001)
.
Induction of sustained nmnamorphic tachycardia alone
was also strongly related to gender and prior infarction ; in
particular, dose of 26 women without prior infarction had
induction of sustained monomorphic ventricular tachycar-
dia . Among patients with induced sustained tachyarrhyth-
miss, those with induced monomorphic ventricular tachy.
cardia were distinguished from those with induced
Survivors of cardiac arrest are a heterogeneous group of
patients demographically, anatomically and electrophysiolo-
gically . Compared with patients presenting with recurrent
sustained ventricular tachycardia, survivors of cardiac arrest
are younger, are less likely to be male and are less likely to
have coronary artery disease as the underlying structural
heart disease (1 .2) . The likelihood of indvring ventricular
tachyarrhythmias at electrophysiologic study is lower in
survivors of cardiac arrest than in patients with recurrent
sustained ventricular tachycardia (1-3) . In survivors of car-
diac arrest, susceptibiiity to arrhythmia induction a1 elec-
trophysiologic study appears to increase the likelihood of
spontaneous arrhythmia recurrence (4-7). Arrhythmia in-
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ventricular fibrillation in that they were more likely to have
coronary artery disease Ip = 0 .0005), healed myocardial
infarction (p = 0 .00(12), left ventricular aneurysm (p =
0.0007) and ventricular tachycardia documented at the
time of cardiac arrest (p = 0 .02).
Other variables showing significant corre€attoass with
arrhythmia inducibility were ejection fraction, dooumenta-
finn of ventricular, tachycardia at the time of cardiac arrest
and presence of an intraventricular conduction delay. How-
ever, stepwise logistic regression identified male gender and
heated myocardial infarction as the only independent pre-
dictors of arrhythmia inducibiity . On the basis of these two
variables alone, arrhythmia inducibility or nmt'sndacibility
could be correctly predicted in 89% of the patients in this
series .
(J Am Call Cordial 1988
:12
:973-d)
973
ducibility may therefore identify a subset of survivors of
cardiac arrest with specific physiologic and anatomic abnor-
malities that predispose to arrhythmia recurrence . Thus,
correlating arrhythmia inducibility with clinical and ana-
tomic features, such as the nature of the underlying struc-
tural heart disease, is of both clinical and pathophysiologic
interest .
This study compares the clinical features of patients with
and without arrhythmias induced by electrical stimulation
among 150 survivors of cardiac arrest to determine if there
are clinical charactc~si._s that arehchedto,n rediciiveof,
arrhythmia inducibility .
Methods
Study patients (Table 1). Electrophysiologic study was
performed in 150 consecutive survivors of cardiac arrest
referred for evaluation. A patient was considered to have
survived a cardiac arrest if he or she had a witnessed, sudden
loss of consciousness, pulse and respiration and required
external direct current cardioversion or defibrillation
. Pa-
o735 .Ils7l8&53 50
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Table 1 . Clinical and Hemodynamic Characteristics of
150
Survivors of Cardiac Arrest
9n 113 patients who underwent left ventriculography . IVCD = intr4ven-
tricularconduclion delay: LAFB = left anterior fascicular block : LBBB = left
bundle branch block: LV
o left
ventricular : MI = myocardial infarction ;
Road = right bundle branch block.
tients whose cardiac arrest occurred within 7 days of a
myocardial infarction or cardiac surgery were excluded . Of
the patients with myocardial infarction, W/o had had their
cardiac arrest >1 month after the infarction .
Electrophysiolngie study
. All patients underwent elec-
trophysiologic study after antiarrhythmic drugs had been
withheld for >5 drug half-lives . Our ventricular arrhythmia
induction protocol has been described previously (8). It
included single, double and triple right ventricularextrastim-
uli delivered during sinus and ventricular-paced rhythm at
four basic drive cycle lengths (600, 500, 430 and 400 ms) . If
an end point (see later discussion) was not reached with up
to three extrastimuli, then rapid ventricular pacing was
delivered at cycle lengths of 300, 280, 260, 240, 220 and 200
ms . Ventricular stimulation was initially performed at the
right ventricular apex, but it was repeated at a second right
ventricular site if an end point (see later) was not met during
stimulation at the apex . Let', ventricular stimulation and
isoproterenolinfusion were not used to induce arrhythmias
in this study. If the patient had had documented spontaneous
sustained monomorphic ventricular tachycardia, the end
point of the study was two inductions of sustained mono-
morphic ventricular lachycardia or completion of the stimu-
lation protocol . If the patient had not had documented
spontaneous sustained monomorphic ventricular tachycar-
dia, the end point of the study was two inductions of
sustained ventricular lachycardia or ventricular fibrillation
or completion of the protocol .
Induced ventricular mchycardia was considered sus-
tained if its duration was 015 s, and nonsustained if its
duration was between 6 beats and 15 s . All episodes of
polymorphic ventricular lachycardia were either nonsus-
tained or degenerated into ventricular fibrillation within 15 s ;
hence, all induced arrhythmias could be classified as sus-
tained monomorphic ventricular lachycardia, nonsustained
ventricular tachycardia or ventricular fibrillation .
A9 patients could be classic jed into one
offmrr groups, as
follows: 1) Inducible sustained monomorphic ventricular
tachycardia . if this rhythm was induced twice, the two
induced tachycardias not necessarily having the same rate or
QRS configuration . 2) Inducible ventricular fibrillation (or
polymorphic ventricular lachycardia degenerating to ven-
tricular fibrillation within 15 s), if this rhythm, but not
sustained ventricular tachycardia, was induced twice. 3)
Inducible nonsustained ventricular tachycardia, if this
rhythm . but not sustained ventricular tachycardia or ventric-
ular fibrillation, was induced twice . 4) No inducible arrhyth-
mia, if at least six repetitive beats were not induced twice .
Other definitions, Coronary angiography was performed
in 132 (88%) of the 150 patients . Coronary artery disease was
diagnosed if there was evidence for a prior myocardial
infarction (see later) or (e there was a >70% stenosis of a
major coronary artery. Left ventricular ejection fraction was
determined by contrast ventriculography in the right anterior
oblique projection in 113 patients (75%) .
A patient was considered to have had a prior myocardial
infarclion if 1) there was a history of acute myocardial
infarction (based on at least two of the following : symptoms,
electrocardiographic IECGI abnormalities, elevation of car-
diac enzymes) ; 2) the ECG was diagnostic of prior infarc-
tion
; or 3) a corresponding coronary
artery
stenosis and
regional left ventricular wall motion abnormality were pre-
sent on angiography . The location or locations of prior
infarcts were determined by the ECG, angiographic data or
both .
An intravenlricular conduction delay was considered
present if there was bundle branch block, left anterior
fascicular block or a nonspecific intraventrcular conduction
delay with QRS duration > 120 ms .
Statistics. The folowing variables were examined for
correlation with arrhythmia inducibility : gender, age, pres-
ence of coronary artery disease, number of diseased coro-
nary arteries, prior history of myocardial infarction, pres-
ence of left ventricular aneurysm, left ventricular ejection
fraction, initial rhythm documented at the time of cardiac
arrest, presence of intravenlricular conduction delay and
number of cardiac arrests. Univariate correlation was tested
using Student's I test statistic or the chi-square statistic .
Multivariate analysis was performed with stepwise logistic
rearession as implemented in the HMDP series (9) and was
Age lyr) 55 ± 14
censer
Male
111(74%)
Female
39(26%)
structural heart disease
Coronary
corny
disease 10](67%1
Prior MI 92 (61°901
LV aneurysm 5708911 )
Idiopathic cardiomyopathy
336(247,1
Valvular disease 10%)
Nun 12(8%1
LV jeclion ftaelion` 0.37 ± 0 .16
Intrevenlucular conduction delay
LBBB
31(21%)
RBBB 13 (9%1
Isolated LAFB
22)15%)
Nonspecific IVCD 24(169))
No.. 60140%)
Earliest rhythm at cardiac arrest
Ventricular tachycardia 69(46%)
Venlicelar fibrillation
62)41%)
Not documented 19113%)
More than one cardiac arrest 50(33%)
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Table 2. Comparison of Patients With and Without
Inducible Arrhythmias
p=11 .11 2
p = (11X17
p=0
.(X)5
P = 0.9
VT - venlncular wchycanlia : other abbreviations as in Table 1 .
applied to all variables that had at least marginal (p < 0 .1)
univariate predictive value. Continuous data are presented
as mean values ± SD.
Results
Electrophysiologic study
. Of the 150 patients, sustained
monomorphic ventricular tachycardia was induced in 82
(55%), ventricular fibrillation in 23 (15%), nonsustained
ventricular tachycardia in 8 (5%) and no arrhythmias in 3?
(25%). The duration of induced nonsustained ventricular
tachycardia ranged from 6 to 35 beats ; the QRS configuration
was monomorphic in only one of the eight patients with
induced nonsustained ventricular tachycardia .
Among the 113 patients with induced arrhyrhtnins . one
extrastimulus was used for arrhythmia induction in 2 )2%) .
two extmstimuli in 34 (30%), three extrastimuli in 71 (63%)
and burst pacing in 6 patients (5%) . In all patients in whom
three extrastimuli were successful in inducing an arrhyth-
mia, the extrastimuli were delivered after ventricular drive .
No patient had a serious complication (death, myocardial
infarction, stroke) resulting from the electrophysiologic
study.
Correlates of inducible arrhythmia . Patients with any
inducible arrhythmia (sustained ventricular tachycardia,
nonsustained ventricular tachycardia or ventricular fibrilla-
tion) are compared with those without inducible arrhythmia
in Table 2 . The strongest correlate of arrhythmia inducibility
was male gender. Arrhythmias were induced in 98 (88%) of
111 men versus 15 (39%) of 39 women (p < 0.0001) .
Conversely, men comprised 87% of the 113 patients with
induced arrhythmias but only 35% of the 37 patients without
induced arrhythmias .
Arrllytrnia inducibility also correlated strongly avi(h
preserve u) corurary artery disease . history of atyucardial
infarction and presence of left ventricular aneurysm (Table
2)
. Arrhythmias were induced in 87 (86%) of 10] patients
with coronary artery disease, compared with 20 (56%) of 36
patients with idiopathic cardiomyopathy and 5 (42%) of 12
patients without structural heart disease (p = 0 .0001). Prior
myocardial infarction, coronary artery disease and left ven-
tricular aneurysm alt were present more frequently in pa-
tients with induced arrhythmias than in those without (Table
21. Q wave infarction in either the anterior or inferior
location, or both, was strongly associated with arrhythmia
inducibility (Table 3) . There was a trend toward a higher
prevalence of arrhythmic inducibility in patients with infe-
rior or combined infarctions (45 of 46 patients
. 980,,) com-
pared with patients with isolated anterior wall infarction (55
of 62 . 89%) (p < 0.1). Neither of two patients with non-Q
wave infarction had an inducible arrhythmia . Among pa-
tients with coronary artery disease and angiographic data
.
the prevalence of three vessel disease was similar in patients
with induced arrhythmias (29 [35%] of 84 patients) and in
those without (6 [46%] of 13 patients)
.
Arrlrvtlrmia inducibility correlated less strongly . brat still
significanly ( P < 0.05), with ejection fraction (p = 0.02),
documentation of ventricular lachycardia at the time of
cardiac arrest (p = 0
.007) and presence of an intraventricular
conduction delay during sinus rhythm (p = 0 .005) (Table 2).
Arrhythmia inducibility did not correlate significantly with
age or number of cardiac arrests.
Multivariate regression analysis identified only male gen-
der and history of prior myocardial infarction as indepen-
dent correlates of arrhythmia inducibility (Table 4) . Figure I
shows the probability of arrhythmia inducibility in sub-
groups determined by gender and history of myocardial
Table 4. Independent Predictors of Arrhythmia Inducibility
Improvement
Ichi.square) p Value
Male gender 334 p < 0.0001
History of pro, myocardial infarction 22 .6
p e 0.0001
ruble 3 . Effect of Infarct t .r-atiun on Arohylhmia Isdm:ibility
_
- Pearls w'i
:h Inducible
Arrhythmiaurowl
PrientsinCooS
Category
p Vuhe
No mlurm 29158(41,7)
lnr Q .;"e Ml 55162(8(%)
p<0.1561
Infcner(5asvrMl 5126196%1
p = 11.3 Anterior and interior Q wave MI 2070 law/"
p<0.1X811
Non-QwaveMI 0,2 (61/1J
p < 0 .00)
Abbreviorians as in Table I .
p = 025101
Palicmr
With
Induced
Arrhvthmias
(n = 113)
Patients
Without
Induce)
Arrhvlhmi :u
In - 371
Male gender an) 981875)1 13135)6)
Age (yr) 56 0 W
53 5 17
Coronary anery disease 87 )77771 14(387))
Prior MI (a) 851759)1 7119`)))
LV aneurysm In) 531477(1 4 (117)
LVe)ecrinnrracrion(9I 35 V 14 45
s_
18
In = 89) In = 24)
VT documented at cardiac
mentIn)
590270 101'_6`,41
IVCD(n) 75(667) i5(417)
a2 cardiac arrests (01
38134%) (213271
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p0O.0001
Figure 1. Probability of inducing sustained monomorphic ventricu-
lar tachycardia (VT . solid ban), ventricular fibrillation (VF, hatched
ban) and nonsustained ventricular tachycardia (open bars) in four
patient groups determined by gender and history of prior myocardial
infarction (MI) . The probability of inducing any arrhythmia was
higher in men than in women
. Within each gender group, the
probability was higher in those with prior myocardial infarction
(+Ml) than in those without (-M0 . The probability of inducing
sustained monomorphic ventricular tachycardia, in particular, was
much higher in patients with prior myocardial infarction than in
those without. The number below each bar indicates the number of
patients in the group .
infarction . The probability of arrhythmia inducibility was
very high (95%) in male survivors of cardiac arrest who had
had prior myocardial infarction, but significantly less in men
without prior myocardial infarction (72%) (p < 0
.0001) .
Similarly, the probability of arrhythmia inducibility was
higher in women with prior myocardial infarction (77%)
compared with women without (19%) (p < 0.0001). On the
basis of only patient gender and presence or absence of prior
myocardial infarction, arrhythmia inducibility or noninduci-
bility could be correctly predicted in 129 (89%) of the 150
patients in this series .
Correlates of induction of sustained monomorphic ventric-
ular tachycardia
. Previous results (7) suggest that in survi-
vors of cardiac arrest induction of nonsustained ventricular
tachycardia or ventricular fibrillation has prognostic signifi-
cance similar to that of induction of sustained ventricular
tachycardia
. However, nonsustained ventricular tachycardia
and ventricular fibrillation can be nonspecific responses to
aggressive stimulation (l0), such as three extrastimuli, which
were included in our protocol . Therefore, we determined the
clinical correlates of induction of only sustained monomor-
phic ventricular tachycardia in our study group
.
The correlates of induction ofsusteined
ventricular tachy-
cardia were
similar to those of induction of any ventricular
arrhythmia : male gender (p = 0.0001), prior myocardial
infarction (p < 0.0001), coronary artery disease (p < 0.0001),
left ventricular aneurysm (p < 0.0001), ejection fraction (p =
0
.003), ventricular tachycardia documented at the time of
cardiac arrest (p = 0 .00)7) and intraventricular conduction
delay (p = 0.0)3). Age and number of cardiac arrests did not
correlate significantly with induction of sustained ventricular
tachycardia. It is noteworthy that none of 26 women without
prior myocardial infarction had induction of sustained ven-
tricular tachycardia.
Comparison of patients with induced sustained ventricular
tachycardin with patients with induced ventricular fibrillation .
Characteristics of the 82 patients with induced sustained
ventricular tachycardia are compared with those of 23 pa-
tients with induced ventricular fibrillatrbn in Table 5 . The
most significant differences between the groups were the
higher prevalence of coronary artery disease, prior myocar-
dial infarction and left ventricular aneurysm in the patients
with induced sustained ventricular tachycardia. In this group
of patients with either induced sustained ventricular tachy-
cardia or induced ventricular fibrillation, 70 (86%) of 81 with
prior myocardial infarction had ventricular tachycardia in-
duced compared with only 12 (50%) of 24 without prior
myocardial infarction (p = 0.0001). Patients with sustained
ventricular tachycardia documented at the time of cardiac
arrest were more likely to have sustained ventricular tachy-
cardia induced, whereas patients with ventricular fibrillation
or no rhythm documented at the time of arrest were more
likely to have ventricular fibrillation induced . Patients with
induced sustained ventricular tachycardia tended to have a
Table 5. Comparison of Patients With Induced Ventricular
Fibrillation With Patients With Induced Sustained Ventricular
Tachycardia
Abbreviations as in Tables I and 2 .
Patients
With
Induced
Ventricular
Fibrillation
(n=23
Patients
With
Imlaced
Sustained
Ventricular
Tachycardia
to =82)
Male gender 1.) 20(87%) 72(88%)
p=NS
As. (yr) 53 n 19 56 x 12 p = NS
Coronary artery disease 1](48%) 7](871 ) p = 0.0001
(n)
Prior MI (a) 11 (48%) 70(85%) p = 0.0002
LV aneurysm (a1 4(17%) 47(57%) p = 0.0007
LV ejection fraction 41 x 16 33 ± 13 p = 0.04
[n 18)
In 64)
p = 0 .02VT documented at 7(30%) 48(59%)
cardiac
nest In)
IVCD (n)
14(61%)
58 )71%)
p = N5
Technique of arrhythmia
induction
I Extrastimulus 1(4%)
11%)
2 Extraslimuli 5 (22%)
2905%) p = NS
3 Estrastimu0 13 (37%)
5001%)
Bunt pacing 4(17%)
2 (2%)
IACC Vol . 12. No .4
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lower ejection fraction than did patients with induced ven-
tricular fibrillation . The stimulation techniques used to in-
duce sustained ventricular tachycardia and ventricular fibril-
lation were similar.
Discussion
The principal finding of this study is the powerful, inde-
pendent correlations of prior myocardial infarction and male
gender with inducibility of ventricular arehythmias in survi-
v ;rs of cardiac arrest. Men with prior myocardial infarction,
who comprised approximately half of the study group, had
an extremely high probability of arrhythmia inducibility
(95%) . Women without prior myocardial infarction, who
comprised nearly 20% of the study group, had a low proba-
bility of arrhythmia inducibility (t9%) . The remainder of the
patients had an intermediate probability of arrhythmia induc-
ibility (72 to 77%) .
Influence of prior myocardial infarction on arrhythmia
inducibility . The limited number of previous studies exam-
ining the predictive value of coronary artery disease or prior
myocardial infarction for arrhythmia inducibility in patients
with cardiac arrest have yielded conflicting results . Roy et
al. (11) found no association between presence or extent of
coronary artery disease and arrhythmia inducibility,
whereas both Schoenfeld et al
. (2) and Swerdlow et al
. (t2)
found correlations between prior myocardial infarction and
arrhythmia inducibility . No prior study has examined the
influence of location of myocardial infarction on arrhythmia
inducibility in survivors of cardiac arrest . In a heterogeneous
group of patients with past cardiac arrest or ventricular
tachycardia, Adhar et al . (13) found that posterobasal left
ventricular wall motion abnormalities were independent
predictors of arrhythmia inducibility. In a group of survivors
of cardiac arrest, Vlay et al . (14) found a posterobasal
location of wall motion abnormality predictive of spontane-
ous arrhythmia recurrence. We found Q wave infarction at
any location to be associated with a high prevalence of
arrhythmia inducibility, but there was a trend toward a
higher prevalence of inducibility in patients with inferior or
inferior plus anterior infarction than in patients with anterior
infarction alone
.
Why is healed myocardial infarction so strongly associ-
ated with arrhythmia inducibility in these patients? More
than other diseases of the myocardium, such as idiopathic
cardiomyopathy, myocardial infarction may result in ana-
tomic and physiologic alterations that predispose to arrhyth-
mia inducibility . Histologic study of subendocardial tissue
after myocardial infarction often shows bundles of surviving
myocardial fibers embedded in fibrous tissue (15) ; this pat-
tern is not seen in idiopathic cardiomyopathy . The areas of
heterogeneous infarction give rise to fractionated endomyo-
cardial electrograms (16,17), which are seen less commonly
in the setting of idiopathic eardiomyopathy than in the
Table 6 . Comparison of Men and Women in the Study
977
arrest (m
Abbreviations an in Tables I .d 2 .
setting of healed myocardial infarction
(18).
Fractionated
electrograms, in turn, have been linked in animal models to
arrhythmia inducibility (19). These anatomic and physiologic
alterations may account for the higher incidence of arrhyth-
mia inducibility in patients with prior myocardial infarction
compared with patients with cardiomyopathy or no struc-
tural heart disease.
The present study also demonstrates that prior myocar-
dial infarction distinguishes patients with inducible sus-
tained . monomorphic ventricular tachycardia from those
with inducible ventricular fibrillation . Areas of heteroge-
neous infarction may present microscopic barriers to con-
duction resulting in slowing sufficient to sustain a well
organized reentrant tachycardia. Alternatively, infarcts may
present macroscopic anatomic barriers to conduction . Such
barriers may be present less often in hearts without detect-
able structural disease or in those with a more homogeneous
disease such as idiopathic cardiomyopathy .
Influence of gender on arrhythmia
nducibility . As in the
present study, gender has previously been found (2,20) to
correlate with results of electrophysiologic study . Why
gender would directly influence results of electrophysiologic
study is unclear. Table 6 indicates that the men and women
in this study differed significantly with regard to the preva-
lence of coronary artery disease, prior myocardial infarction
and intraventricular conduction delay, all of which were
univariate predictors of arrhythmia inducibility
. However,
no other single identified variable can account for the fact
that gender had the strangest univariate association with
inducibility and was selected as the first independent corre-
late in the stepwise logistic regression analysis
. Rather than
being a causal variable, gender may be a marker for one or
more unidentified variables that in turn influence the re-
sponse to programmed stimulation . The findings with re-
spect to gender in this study are similar to those of several
other cardiologic tests and therapies in which outcome has
been shown to differ between men and women without an
obvious physiologic explanation (21) .
Limitations
. There are several limitations of thisstudy .I)
Ambulatory monitoring data were not available on a sulfi-
Men
to III)
Wamcn
In = 39) pvalue
Agelyrl 57±18 51!16 9=0
.05
Coronary artery diaae In) x5177%. 16(41 171 p
A
0.0001
Prior myocardial infarction Inl 79171%I 13(33%) p10.01191
Left ventricular aneurysm on) 47(42%) to 26%) p=OA6
Election IracIan 37 o 15% 38'- Ix% p= 0.6
In = 8e) (n - 25)
IVCD (nl 75 (68%) 15 )9%) p = 0 .061
VT
documented ac cardiac
54149%)
15(391/1 p= 6.3
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cient number of the patients to be included in the analysis .
However, a recent study (22) suggests that the frequency of
spontaneous premature ventricular beats, couplets or non-
sustained ventricular tachycardia does not assist in predict
ing arrhythmia inducibility in patients with life-threatening
arrhythmias . 2) Signal-averaged ECG studies, which have
been shown
(1) to predict arrhythmia inducibility in patients
with spontaneous malignant ventricular arrhythmias, were
not performed in these patients. 3) 12 lead ECU tracings of
ventricular tachycardia recorded at the time of cardiac arrest
were rarely available, so a comparison of the morphologic
features
of
spontaneous and induced tachycardias was not
possible .
Clinical implications . In survivors of cardiac arrest, an a
priori estimate of the likelihood
of
arrhythmia inducibility at
baseline electrophysiologic study can be made on the basis
of gender and the presence or absence of prior myocardial
infarction . The likelihood
of arrhythmia inducibility in men
with prior myocardial infarction is high, and the vast major-
ity of such men will have sustained monomorphic ventricular
tachycardia induced. On the other hand, the likelihood of
arrhythmia inducibility in women without prior infarction is
low, and few will have induction of sustained monomorphic
ventricular tachycardia. These results may aid in selection of
patients for electrophysiologic study .
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